Abstract a novel fast image fusion scheme based on principal component analysis (pca) and lifting wavelet transformation (LWT) is proposed. Firstly, the principal component images of the registered original colour image are obtained by pca transformation. Then, the first principal component image and near infrared imagery are merged using lifting wavelet transformation (LWT) based on regional features. The fused image replaces the first principal component of the visual colour image. Finally, the final composite image is obtained by inverse pca transformation. compared with other fusing algorithms, the experimental results demonstrate that this fusion scheme is more effective in fusing image quality than the traditional pca or wavelet transformation fusion methods. The obtained image conforms to human vision features. The standard deviation (σ) and average gradients ( g ) are a little smaller with this fusion algorithm than the wavelet transformation method, but they are bigger with this fusion algorithm than the pca method; however, entropy (EN) and correlation coefficients are larger with this fusion algorithm than with the pca or wavelet transformation method. The fusion image contains more information and stronger spatial detail performance. The merged image is more advantageous to be further analysed, understood and recognised.
INTRODUCTION
Detection of targets in an image is a challenging problem in pattern recognition. in contrast to visual images, the images obtained from a near infrared sensor have extremely low signal-to-noise ratios (SNR), which results in limited information for performing detection tasks. The same target visual and near infrared images are merged in some agricultural robot picking machine vision systems in order to obtain more complete target image information. By doing so, different explanations, incompleteness, inaccurateness and errors of the object or the environment can be reduced or controlled. aimed at the visual colour image with three kinds (R, g, and B) of the monochromatic spectrum image information and the near infrared gray image with rich spatial detail information, the key of the two images' fusion is to reduce the information loss and the computation speed, to satisfy the real-time request of machine vision systems.
ever since the 1970s, many image fusion methods have been developed to meet the needs of various applications. alam & Karim (1994) used a fringeadjusted joint transform correlation. Bal & alam (2005) used an intensity variation function to capture the target intensity signature. Bharadwaj & carin (2002) classified infra-red image targets (vehicles) using hidden Markov trees. Wang et al. (2002) merged the multi-sensor images based on discrete multi-wavelet transforms. Strehl & aggarwal (2000) compensated the global motion using a resolution scheme based on the affine motion model.
FUSION ALGORITHM
The multi-resolution fusion algorithm has been widely applied to the image fusion field. The fusion algorithm based on wavelet transformation may obtain better fusion effectiveness, but the loss of the origin edge of information is due to the filter function by high-pass and low-pass in the wavelet decomposition or reconstruction. in addition, the operation of traditional wavelet transformation takes a long time and needs large memory capacity. That is not suitable for a real-time system. The spatial detail performance ability can be strengthened in the fusion image based on pca transformation, but more spectral information of the image is lost, and only a lower clarity can be achieved. To obtain more spectral information and the spatial detail performance ability of the target image, a novel multi-sensor image fusion algorithm based on pca and lifting wavelet transformation (LWT) is proposed after considering the image fusion quality and speed. The simulation experimental results demonstrate that the merged image using the article fusion method is suitable for the human vision features. in comparison with the origin images, the entropy, the clarity and the spatial detail information of the fused image are increased. The fusion image is more suitable to be further analysed, understood and recognised. 
PRINCIPAL COMPONENT DESCRIPTION OF THE VISUAL IMAGE
The RgB colour image of size M-by-N transforms into three component (the R, the g, and the B) images. Suppose that x 1 , x 2 , x 3 are respectively the pixel value of the corresponding three component images. Then, they can be expressed for the three-dimension random vector (X = x 1 , x 2 , x 3 ) T . The average vector of the vector population can approximately be obtained by the sample mean value.
here k is of size M-by-N. The 3 × 3 covariance matrix of the vector population can approximately be expressed for
The pca transformation is expressed as Y = A(X -m x ).
Here, matrix a is a characteristic vector matrix of X. It satisfies A T A = I and 
FUSION ALGORITHM OF FIRST PRINCIPAL COMPONENT OF THE VISUAL IMAGE AND NIR IMAGE
Step 1: the visual first principal component image and NiR image are separately decomposed using lifting wavelet;
Step 2: the suitable fusion rules are selected to merge the sub-images of decomposition. in the low frequency parts: if crossshannon(R A , R B ) > T, here T is the threshold (T = 0.5), then the information quantity of the two images in the said region differs greatly. Therefore, the wavelet coefficient of the region central pixel with relative bigger standard deviation can be selected as the wavelet coefficient of the region central pixel of the fused image.
That is
, ,
≤ T, then the information quantity of the two images in the said region is similar, therefore, the wavelet coefficient of the region central pixel of the fused image can be computed by applying weighted aggregation operator. That is
Step 3: the fusion image is obtained by lifting wavelet reconstructing the low frequency approximation and the high frequency detail images. The merged image substitutes the first principal component of the visual image.
EXPERIMENTS AND RESULT ANALYSIS
To test the effectiveness of the presented fusion algorithm, 20 visual images and near infrared images of an apple tree were taken respectively by using the high resolution multi-spectrum camera MS 3100 made in Redlake MaSD inc., USa (the image is of size 800 × 800 pixels). The result of the experiment is compared with that of applying pca fusion algorithm and wavelet transform fusion algorithm respectively. an intel pentium iii 1000 MHz legend laptop was used to process the data. Due to the limitation of space, the fusion result of only one pair of images realised with program under Matlab 7.0 is provided generally speaking, the result of image fusion can be evaluated subjectively and objectively. Subjective evaluation of the fusion result is done by visual apperception while objective evaluation was done through static parameters of the image. in this paper, the subjective evaluation is done through observing the changes of details and gray surface diagrams of the images before and after fusion. The purpose of image fusion is to raise the information quantity and clarity of image, enhance detailed information and texture of image to make it easier for image segmentation and feature extraction. Therefore, the quality of fusion image and the fusion algorithm are evaluated by the indexes such as average gradient, standard deviation, information entropy and correlation coefficient.
Visual image, NiR image and their respective gray surface diagrams are shown in Fig. 2a,B. Figure 2c is the result of the presented fusion algorithm. Figure 2D is the result of pca fusion algorithm and Fig. 2e is the result of wavelet transform fusion algorithm. The criterion parameter of different fusion images can be seen in Table 1 .
Fusion image contains the useful information of the original image and the detailed information is greatly improved judging by visual apperception. But the fusion image using pca-based fusion method has more manual syntheses false factors. The fusion result of WT-based fusion method loses more spectrum information. Relatively, the final image of our fusion algorithm is more natural and it is more advantageous to further image segmentation and recognition.
The following results can be obtained by analysing the objective evaluation parameters.
(1) The average gradient and standard deviation of the fusion images by using pca-LWT fusion method are slightly lower than those by using the WT-based fusion method, but larger than those by using the pca-based fusion method, which indicates that the spatial details of the pca-LWT fusion method is not as good as that achieved by using the WT-based fusion method, but superior to that of the pca-based fusion method. (2) The entropy of the fusion images by using the pca-LWT fusion method is slightly higher than that by using the WT-based fusion method or the pca-based fusion method, which indicates that more information quantity is contained by the fusion image using the pca-LWT fusion method. (3) The correlation coefficient of the fusion images by using the pca-LWT fusion method is higher than that by using the WT-based fusion method or the pca-based fusion method, which indicates that the fusion image by using the pca-LWT fusion method follows the original image closely. 
CONCLUSION
The spectrum features and information contained by a ccD visual image and an NiR image are different. This paper puts forward a fusion algorithm based on pca-LWT to carry out image fusion of the ccD visual images and NiR images. The simulation experiment results show that pca-LWT fusion method is more effective, judging by both visual effect and objective evaluating parameters. The image is natural, the object prominent and the edge clear. The integrated capability of pca-LWT fusion method is superior to that of WT-based fusion method or pca-based fusion method and it is more advantageous to further image segmentation and recognition.
